Introduction
Gender and age-dependent prevalence of migraine was estimated by population based studies [1] - [2] . The prevalence rate of migraine varies in the general population and is more common in women [1] [3] .
Breast cancer is the most common cancer as well as is the leading cause of cancer related mortality among woman worldwide [4] . Nevertheless, the etiology of breast cancer, as a momentous of public health problem, is not well known. Several studies have indicated that different risk factors including genetic, environmental, hormonal, lifestyle and physiological factors have an influence on the development of this malignancy [5] - [6] . Over the past decade numerous systematic review and meta-analysis studies were conducted to examine of an association between migraine and other diseases such as cardiovascular disease [7] , ischemic stroke risk [8] , and mortality [9] . On the other hand, there were also several population based studies which had extensively evaluated the relationship between migraine and female cancer, but with conflicting results. Some studies had reported that women with a history of migraine are at lower risk of breast cancer [10] - [14] , whereas others reported no association [15] . In addition, no significant association was found between migraine history and risk of endometrial cancer [16] .
We, therefore, aimed to explore the relationship between migraine history and breast cancer risk and to quantify the risk by conducting a meta-analysis. We also aimed to evaluate whether the associations varied by age at migraine diagnosis, histological subtype and hormone receptor status of breast cancer.
Methods

Search Strategies
We conducted a systematic search of all studies designed cohort and case-control studies addressing the association between migraine and breast cancer. A comprehensive literature search of numerous electronic databases including PubMed, Scopus, ScienceDirect and the Cochrane library was done up until February 1 st , 2015. A search strategy was conducted using the following search terms in the titles, abstract or key words: migraine, migraine disorder, breast, breast cancer, case-control studies, cohort studies, and observational studies. The citations and references listed in retrieved articles were also reviewed to identify additional related studies.
Inclusion Criteria
Two authors reviewed the retrieved studies independently to identify eligible studies by using the following criteria: 1) Study design: cohort or case-control study, 2) the breast cancer patients were confirmed by medical records 3) the migraine status was confirmed by medical records, 4) the numbers of case and control (in case-control studies) and exposed and non-exposed groups (in cohort studies) were reported or the relevant data was available to calculate the odds ratio (OR) or risk ratio(RR). Women with breast cancer were included regardless of age, race, menopausal and marital status.
Data Extraction and Quality Assessment
Two independent authors read full-text articles and the following information was extracted: name of the first author, publication year and location of study conduction, study design (cohort or case-control study), number of cases and controls or exposed and non-exposed, age at migraine diagnosis, histological subtype (ductal and lobular), and hormone (estrogen (ER) and progesterone (PR)) receptor status (ER+/PR+, ER+/PR−, ER−/PR−). The quality of studies was assessed according to the STROBE statement and the studies according with STROBE criteria were defined as high-quality studies [17] .
Statistical Analysis
The pooled ORs with 95% confidence interval (CI) estimating the association between migraine and breast cancer were obtained using the random effect model. Cochran's Q test was used to identify the heterogeneity of results across studies and it was quantified using the I 2 statistic. Q statistic with p-value <0.10 or I 2 statistic >50% was considered as significant heterogeneity across studies. The between-study variance was estimated using tau-squared (t 2 or Tau 2 ) statistic [18] . We used Egger's linear regression test [19] to investigate publication bias (p < 0.05 set as significant level). Meta-analysis was performed by the comprehensive meta-analysis software version 2.0. The PRISMA statement was used as a guide in the reporting of this study [20] . eventually included 6 population-based studies in the meta-analysis including two cohort and four case-control studies involving 130812 and 14396 people, respectively. Figure 1 presents the flowchart of the literature search process. Table 2 illustrates the summary effect sizes of breast cancer risk and migraine history by age at migraine diagnosis, histological subtype and hormone receptor status.
Results
Description of Studies
Summary and Subgroup Analyzed Results
Association of Migraine History and Breast Cancer Risk
Summary results of six population-based studies (Figure 2 ) indicated that having any history of migraine was inversely associated with breast cancer risk (OR = 0.77; 95% CI: 0.64, 0.92).
Association of Age at Migraine Diagnosis and Breast Cancer Risk
We stratified the migraine history by the age at diagnosis (Figure 3 ). Pooled result from three studies showed that both age at migraine diagnosis < 20 years and over 20 years decreased the risk of breast cancer (OR = 0.66, 95% CI 0.48, 0.90 and OR = 0.68, 95% CI 0.47, 0.99, respectively). That means the women who reported a clinical diagnosis of migraine in age <20 or >20 years were significantly at lower risk of breast cancer.
Association of Migraine History and Breast Cancer Risk by Histological Subtype
The summary results of associations between migraine history and breast cancer risk showed that the association does not vary by histological type compared to non-migraineur women (Figure 4) . That means women with a history of migraine had similarly reduced risks of both ductal and lobular carcinomas (OR = 0.84, 95% CI 0.70 -1.01 and OR = 0.79, 95% CI 0.70, 0.90, respectively). Test for histological subgroup differences was not significant (p = 0.585). Overall, women with migraine history had a 19% reduced risk of breast cancer regardless of histological subgroup.
Association of Migraine History and Breast Cancer Risk by Hormone Receptor Status
Pooled result showed that women with migraine history had a 15% reduced risk of breast cancer regardless of hormone receptor status (OR = 0.85, 95% CI 0.77, 0.94). Figure 5 shows the forest plot of OR estimates of association between migraine and breast cancer risk by hormone receptor status. We did not observe significant differences with regard to hormone receptor status (p = 0.253). On the other hand, migraineur women had a lower risk of ER+/PR+ (OR = 0.80, 95% CI 0.68, 0.93), ER+/PR− (OR = 0.82, 95% CI 0.67, 0.99), and ER−/PR− breast cancer (OR =0.97, 95% CI 0.80, 1.17).
Heterogeneity and Publication Bias
Significant heterogeneity between studies was noted in the studies. The results of Q-test showed that the studies were significantly heterogeneous (p < 0.001). The I 2 and tau statistics were 88.5% and 0.04, respectively (Figure 2) . Of six included studies assessed the effect of migraine on breast cancer risk, five studies reported negative associations (four out of which were statistically significant) and one study reported non-significant positive association. The heterogeneity between studies with related statistics is shown in Table 2 . We couldn't assess the publication bias using the funnel plot, because the number of included studies in the meta-analysis was relatively small. No publication bias was detected by Egger's regression (p = 0.647).
Discussion
The results of this meta-analysis revealed a significant negative relationship between migraine history and risk of breast cancer, women with migraine history have a 23% reduced risk of breast cancer. There was evidence of significant heterogeneity in the meta-analysis. We used the Q-test to detect of heterogeneity. Accordingly, this issue should be noted that the Q-test has low power when the included studies are small [18] . Therefore, some parts of the observed heterogeneity in the results can be attributed to the number of studies (including six studies) included in the meta-analysis. Subgroup meta-analyses by age at migraine diagnosis, histological subtype and hormone receptor status of breast cancer were also conducted ( Table 2) . Five included studies considered both histological subtype (including ductal and lobular) and hormone receptor status (including ER+/PR+, ER+/PR−, ER−/PR−) of breast cancer, and only three studies considered age at migraine diagnosis [11] - [13] . With regard to the subgroup analysis, the pooled results illustrate a significant correlation between migraine history and decreased risk of breast cancer (Figures 3-5) . The summary estimate from the ER+/PR+ was more protective than in ER+/PR− or ER−/PR− (0.80 vs. 0.82 and 0.97, respectively). For histological subtype, the summary estimate was also more protective for lobular than for ductal carcinomas (0.79 vs. 0.84). Biologically, both migraine and breast cancer are related to estrogen hormone [10] - [11] [15] , but the precise biology and hormonal pathways of migraine relevant to a potential reduction in breast cancer risk are poorly understood [13] . Prior studies showed an independent association between migraine and ER-breast cancer but reported a lower risk of ER+ [15] . Some studies mentioned this hypothesizes that migraine may be particularly associated with a reduced risk of hormone receptor positive tumors [21] . This association may be confounded by a factor entitled obesity. Previous epidemiological studies reported that obesity may be more strongly associated with ER+ postmenopausal breast cancer [22] - [26] .
We stratified the migraine history by age at migraine diagnosis (<20 and >20 years). There was no significant difference between migraine and breast cancer by this variable suggesting that age is not strong confounder. One possible explanation for a lower risk of breast cancer in women with a history of migraine could be that such migraineur women are more likely to avoid migraine risk factors such as stress, cigarette smoking and alcohol. The findings of previous study were consistent with this hypothesis, in that alcohol and smoking were less common among migraineurs [27] . Another explanation about this lower risk may relate to specific migraine treatments [12] .
Toward our understanding, this study represents the first systematic review of the relationship between migraine history and breast cancer risk. Other strengths of our study were subgroup analysis and all enrolled subject in primary studies was diagnosed based on clinical criteria for migraine and finally large overall sample size.
Following limitations of our study need to be considered. First, three of the included studies were case-control design and potential to recall bias. Second, because of lack of migraine classification according to clinical criteria in the enrolled studies, we could not perform the subgroup analysis based on this variable. Third, heterogeneity was significant and we could not specify source of heterogeneity in our study because of the limited number of available studies.
In conclusion, the results of this meta-analysis showed that women with migraine history have a decreased risk of breast cancer. Further biological studies are needed to address the association.
